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Lie , Kac-Moody Lie , Cartan ( $A_{1}^{(1)}$
, , - 6 Lie Lie Lg
, . ,
$\wedge\S=_{9\otimes \mathbb{C}[}z,$ $z^{-}]1\mathbb{C}\oplus \mathbb{C}c\oplus d$
, Lie
$[^{\wedge}\mathrm{g}, c]=0$ ,
$[X\otimes z^{r}, Y\otimes zS]=[X,Y]\otimes z^{r}++sr\delta_{r+0}(s,X,Y)c$,
$[d,X\otimes z^{r}]=rX\otimes z^{r}$
. , (X, $Y$ ) $\mathrm{g}$ adjoint .
, $\wedge \mathrm{g}$ . , $c$ $0$ , Lie
$\mathrm{L}\mathrm{g}=\mathrm{g}\otimes \mathrm{c}[Z, Z^{-1}]$ .
$0$ $a$ , Lle
$\mathrm{L}\mathrm{g}arrow$ ; $X\otimes z^{k_{\vdasharrow}}a^{k}X$
evaluation , $\mathrm{e}\mathrm{v}_{a}$ .
$\mathrm{g}$
$V$ , $\mathrm{e}\mathrm{v}_{a}$ Lg $\mathrm{e}\mathrm{v}_{a}^{*}V$ .
Lg , .





, $q$ . $\mathrm{U}(\mathrm{g})\wedge$ $‘ q$ ’ $\mathrm{U}q(\mathrm{g})\wedge$ ,
, .
Kac-Moody Lie $‘ q$ ’ , Drinfeld-Jirnbo
Kac-Moody Lie . , Drinfeld
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, Drinfeld new realization , ,
$\mathrm{U}_{q}(\mathrm{L}_{9)}$ .
$\mathrm{g}=\epsilon(_{2}$ .
$\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$ . $\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$ , $e_{r},$ $f_{r}(r\in \mathbb{Z}),$ $q^{\pm h},$ $h_{m}(m\in \mathbb{Z}\backslash \{0\})$
$\mathbb{Q}(q)$ - , :
$(z-q^{\pm 2}w)\psi^{S}(Z)_{X}\pm(w)=(q^{\pm 2}z-w)_{X^{\pm}}(w)\psi^{S}(_{Z})$,
$[X^{+}(Z), X^{-(w})]= \frac{1}{q_{k}-q_{k}^{-1}}\{\delta(\frac{w}{z})\psi+(w)-\delta(\frac{z}{w})\psi-(z)\}$ ,




$T=- \infty\sum^{\infty}Z^{r}$ , $x^{+}(_{Z})^{\mathrm{d}\mathrm{e}}=\mathrm{f}$. $r= \sum_{\infty-}^{\infty}er^{\mathcal{Z}}-r$ , $x^{-}(z)=\mathrm{d}\mathrm{e}\mathrm{f}$ . $r= \sum_{\infty-}^{\infty}frz^{-r}$ ,
$\psi^{\pm}(z)^{\mathrm{d}}\mathrm{e}=\mathrm{f}$
.
$q \mathrm{e}\pm h\mathrm{x}\mathrm{p}(\pm(q-q^{-})1\sum_{m=1}^{\infty}h_{\pm m)}z^{\mp}m$ .
$e=,$ $f=,$ $h=$ $s\mathrm{t}_{2}$ , Lg $e\otimes z^{r},$ $f\otimes z^{r}$ ,
$h\otimes z^{m}$ $e_{r},$ $f_{r},$ $h_{m}$ , $h\otimes z^{0}$ $q$ $q^{h}$ .
$\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$ , ( ) , .
, $\mathrm{g}$ evaluation , Lg
( 1.1) . ,
, .
, $\mathrm{g}=\epsilon \mathfrak{l}_{2}$ , .
$\mathrm{g}=5[_{2}$ , ,
. ,








$\bullet$ $a,$ $b\in \mathbb{Z}$ $a\leq b$ , $[a, b]=\{a, a+1, \ldots , b\}$
$\bullet \mathrm{R}=\mathbb{Q}(q)[X_{1}\ldots, X^{\pm}\pm,w]$
$\bullet$ $S_{w}$ : $w$ . $\mathrm{R}$ .
$\bullet$ $I=(I_{1}, I_{2}):[1, w]$ . , $I_{1},$ $I_{2}\subset \mathrm{r}_{1,w]}\lfloor$ , $I_{1}\cap I_{2}=\emptyset$ ,
$I_{1}\cup I_{2}=[1, w]$ .
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$\bullet$ $k\in I_{1}$ , $\tau_{k^{+}}(I)$ $(I_{1}\backslash \{k\}, I_{2}\cup\{k\})$ . , $k\in I_{2}$
$\tau_{k^{-}}(I)$ $(I_{1}\cup\{k\}, I_{2}\backslash \{k\})$ .
$\bullet$ $S_{I}=S_{I_{1}}\cross S_{I_{2}}\subset S_{w}$ : $I_{1},$ $I_{2}$ $S_{w}$
$\bullet$ $G\subset S_{w}$ , $G$ $\mathrm{R}$ $R^{G}$ .
$\bullet$ [V] , $[1, w]$
$[v]=\{$
$([1, v], [v+1, w])$ $1\leq v<w$
$(\emptyset, [1, w])$ $v\leq 0$
$([1, w], \emptyset)$ $w\leq v$
$\bullet$ $I,$ $J$ $[1, w]$ , $\mathfrak{S}_{J}^{I}$ : $R^{s_{I}\mathrm{n}S_{J}}arrow R^{S_{I}}$
$\mathfrak{S}_{J}^{I}f=\sum_{S_{j}\sigma\in sJ/SI\cap}..\sigma(f)$
. $R$ $\mathcal{R}$ .
$\bullet$ $I=(I_{1}, I_{2})=(\{i_{1}, \ldots, i_{v}\}, \{j_{1}, \ldots,j_{w-}v\})$ $f\in \mathrm{R}^{S_{\mathrm{l}v}}\mathrm{l}$
$f(x_{I})=f(Xi_{1}, \ldots, Xi_{v}, xj_{1}, \ldots, xjw-v)$
.













. , , $z=\infty$ $z=0$ Laurent
. ( , $z=\infty,$ $Z=0$ )
2.1. $M=M(w)$ $\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$ .
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$R^{S_{[v]}}$ , $\mathrm{R}^{S_{w}}$ - . $x^{\pm}(z),$ $\psi^{\pm}(z)$
$\mathrm{R}^{S_{w}}$ -linear . $\chi$
.
: $\mathrm{R}^{S_{w}}arrow \mathbb{Q}(q)$ $\mathbb{Q}(q)$ $R^{S_{w}}$ - ,
$\mathbb{Q}(q)_{\chi}$ .
$M\otimes_{R^{S_{w}}}\mathbb{Q}(q)_{\chi}$
, $\mathbb{Q}(q)$ Uq(Lg)- .
$\dim_{\mathbb{Q}\mathrm{t}q)w}\mathrm{R}^{s_{\iota 1}}v\otimes R^{s}\mathbb{Q}(q)_{x}=$ , $\dim_{\mathbb{Q}\mathrm{t}^{q})w}M\otimes R^{S}\mathbb{Q}(q)_{x}=\sum^{w}v=0=2^{w}$
. , $M\otimes_{R^{s_{w}}}\mathbb{Q}(q)_{\chi}$ Uq (Lg)- .
$\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$- W . $\chi$ ,
.
$e_{1}=x_{1}+\cdots+x_{w}$ , $e_{2}=x_{1}x_{2}+\cdots+x_{w-1}x_{w}$ , . . ., $e_{w}=x_{1}\cdots x_{w}$
. ( $\chi(e_{w})\neq 0$ ) , , $w$
. , $q=1$ $\mathrm{L}\mathrm{g}$ evaluation
( 11) $a_{i}$ . , Drinfeld
. .
, $M$ $\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$- . $M\otimes_{R^{S_{w}}}\mathbb{Q}(q)_{x}$
, $M$ .
, $M$ $1\in R^{S_{\mathrm{l}0}}1$ . ,
$x^{-}(Z)*1=0$
. , $\mathrm{g}$
– . , Cartan $\mathfrak{h}$ ,




. ( , $\mathrm{R}^{S_{w}}$ .
. . ,
’
23. $M$ ‘ ’ . , $1\in R^{s_{1^{0}\mathrm{l}}}$ $\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$
$\mathrm{R}^{S_{w}}$ .
, Hall-Littlewood ([40] ) $x^{+}(z)$ , Hall-Littlewood
.
$M\otimes_{R^{s_{w}\mathbb{Q}()_{x}}}q$ . , $1\in R^{S_{\mathrm{l}0}}1$ $\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$
$\mathbb{Q}(q)$ .




24. $l$- $\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$ , $\mathbb{Q}(q)$ $P(u)\in \mathbb{Q}(q)[u]$




) Drinfeld Chari-Pressley ,
Drinfeld .
$M\otimes_{R^{S_{w}}}\mathbb{Q}(q)_{x}$ , –
. $\mathrm{U}_{\mathrm{q}}(\mathrm{L}\mathrm{g})$ - Drinfeld , (2.2)
$P(u)= \chi(_{t\in \mathrm{I}^{1},w}\prod_{\mathrm{J}}(1-\frac{x_{t}}{q}u))$
.
25. $M\otimes_{R}s_{w}\mathbb{Q}(q)_{x}$ $\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$ Grothendieck
, $\mathrm{U}_{\mathrm{q}}(\mathrm{L}\mathrm{g})$- – , .





. , , $\mathrm{R}$ $R_{\mathbb{Z}}$ .
26. (1) $e_{r}^{(n)}=e_{r}/n[n]_{qr}!,$$f^{\mathrm{t}}n)=f_{r}^{n}/[n]_{q}!$ (q-divided power), $q^{\pm h}$
$p^{\pm}(z)= \exp(-\sum_{m=1}\infty\frac{h_{\pm m}}{[m]_{q}}z\mp$
, $M_{\mathbb{Z}}=\mathrm{d}\mathrm{e}\mathrm{f}\oplus_{v=0}^{w}\mathrm{R}_{\mathbb{Z}^{\mathrm{I}v}}^{S}\mathrm{l}$ .
$\mathrm{U}_{q}(\mathrm{L}\mathrm{g})$ $\mathbb{Z}[q, q^{-1}]$ - $\mathrm{U}_{q}^{\mathbb{Z}}$(Lg) .
(2) $M_{\mathbb{Z}}$ , $1\in \mathrm{R}_{\mathbb{Z}}^{S_{\mathrm{I}01}}$ $\mathrm{U}_{q}^{\mathbb{Z}}(\mathrm{L}\mathrm{g})$ $\mathrm{R}_{\mathbb{Z}^{w}}^{S}$ .
, Hall-Littlewood $\mathbb{Z}[q,.q^{-1}]$
. .
$\chi:\mathrm{R}_{\mathbb{Z}^{w}}^{S}arrow \mathbb{C}$ , $M_{\mathbb{Z}}\otimes_{\mathrm{R}_{\mathrm{z}^{w}}^{S}}\mathbb{C}_{\chi}$ , l-
$\mathrm{U}_{\epsilon}(\mathrm{L}\mathrm{g})$- . $\epsilon$ $\chi$ $q$ , $\mathrm{U}_{\epsilon}(\mathrm{L}\mathrm{g})$ $\mathrm{U}_{q}^{\mathbb{Z}}(\mathrm{L}\mathrm{g})$
$\mathbb{Z}[q, q^{-1}]\ni q\vdash+\epsilon\in \mathbb{C}^{*}$ .




3 K CONVOLUTION ALGEBRA
3.1. $K$- . $X$ $\mathbb{C}$ quasi-projective scheme ,
$G$ . , $X$ $G$ Grothendieck
$K^{G}(X)$ . K- . , $G$




, $X$ – , $K^{G}(X)$ $I\iota_{G}^{r0}(X)$ , $G$ , $R(G)$
.
$f:Xarrow Y$ $f^{*}:$ $I\mathrm{t}\prime 0G(Y)arrow I\acute{\mathrm{t}}_{G}^{0}(x)$ , $f$ proper
$f_{*}:$ $K^{G}(X)arrow K^{G}(\mathrm{Y})$ .
$I\acute{\mathrm{t}}_{G}^{0}(X)$ , , $f^{*}$ , .
, $f$ $X$ – , $I1_{G}^{r0}(x)$ R(G)-
. , $K^{G}(X)$ , $K_{G}^{0}(x)$ - .
, $K^{G}(X)$ – . , exact
.
, ( ) $I\mathrm{f}_{G}^{0}(X)arrow K^{G}(X)$
. $X$ , . ,
$-$ Poincar\’e , $G$ $F$
G-
$0arrow E_{n}arrow E_{n-1}arrow\cdotsarrow E_{0}arrow Farrow 0$
. , $E_{i}$ $G$ , $G$
. , , $F$ $\sum(-1)^{i}E_{i}$
.
$Y$ $X$ closed subvariety , $X$ nonsingular , $I\acute{\mathrm{t}}c(x;\mathrm{Y})$ $X$ $G$
, $Y$ exact Grothendieck .
$I\mathrm{t}_{G(X}^{\prime 0}$ ) $\cong K^{G}(X)$ , $I\acute{\mathrm{e}}_{G}(x;Y)\cong KG(Y)$ .
$Y_{1},$ $Y_{2}\subset X$ closed subvarieties , $E\mathrm{i}\in I\mathrm{t}_{G}^{F}(x;Y_{1}),$ $E_{2}\in I\acute{\iota}_{G}$ ( $x$ ;Y2) ,
$E\mathrm{i}\otimes E_{2}$ , $I\acute{\mathrm{t}}_{G}(X;Y_{1}\cap Y_{2})$ .
$K^{G}(\mathrm{Y}_{1})\cross K^{G}(Y_{2})arrow K^{G}(Y_{1}\cap \mathrm{Y}_{2})$
. torsion product , $\cdot\otimes_{X}^{L}\cdot$ .
3.1. $\mathrm{Y}_{1},$ $Y_{2}\subset X$ nonsingular G-subvarieties , conormal bundles $T_{\mathrm{Y}_{1}}^{*}X$ ,
$T_{Y_{2}}^{*}X$ . $Y\mathrm{d}\mathrm{e}\mathrm{f}=Y_{1}\cap Y_{2}$ , $TY_{1}|_{Y^{\cap}}TZ_{2}|_{Y}=TY$
. , $|_{Y}$ $Y$ . $E_{1}\in \mathrm{A}_{G}^{\prime 0}(Y_{1})\cong\Lambda_{0}^{\prime G}(Y_{1})$ ,
$E_{2}\in I\acute{1}_{G}^{0}(Y_{2})\cong Ic_{0}^{G}(Y2)$
.
$E_{1} \otimes_{X}^{L}E_{2}=\sum.\cdot(-1)i\wedge^{i}N\otimes E_{1}|_{\mathrm{Y}}\otimes E_{2}|_{Y}\in I\mathrm{f}_{c(Y)}^{0}\cong I\mathrm{f}_{0}^{G}(\mathrm{Y})$
,
. $N=\mathrm{d}\mathrm{e}\mathrm{f}\tau_{Y}^{*}1X|Y$ $T_{Y_{2}}^{*}X|_{Y}$ .
$f:Xarrow \mathrm{Y}$ , nonsingular variety $X,$ $\mathrm{Y}$ morphism , $X’\subset X,$ $Y’\subset \mathrm{Y}$ closed
subvarieties , $f^{-1}(Y’)\subset X’$ . , $f^{*}:$ $Ic_{c()}Y;Y’arrow$
$K_{G}(X;^{x’})$ , $K^{G}(\mathrm{Y}’)arrow K^{G}(X’)$ . $f^{*}$ .
32. $K$ . $A$ . $a\in A$ , $\chi_{a}$ : $R(A)arrow \mathbb{C}$
$a$ .
, $\mathbb{C}$ $R(A)$- $\mathbb{C}_{a}$ . $\chi_{a}(f)\neq 0$ $f\in R(A)$
, $R(A)$- $M$ $M_{a}$ .
, $A$ $X$ . $a$ $X^{a}$ .
$A$ , K- $K^{A}(x^{a})$ .
, $\mathrm{T}\mathrm{h}\mathrm{o}\mathrm{m}\mathrm{a}\mathrm{S}\mathrm{o}\mathrm{n}[53]$ .
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32. $i:X^{a}arrow X$ , K- :
$i_{*}:$ $K^{A}(X^{a})_{a}arrow K^{A}(X)\underline{\simeq}$
$X$ . $X^{a}$ . $K^{A}(X)\cong I\iota_{A}^{\prime 0}(X)$ ,
$K^{A}(X^{a})\cong I\acute{\mathrm{t}}_{A}0(X^{a})$ ,
$\ovalbox{\tt\small REJECT}$ $A(X)arrow K^{A}(x^{a})$
.
3.3. (1) $i^{*}.i_{*}:$ $K^{A}(x^{a}),$ $arrow K^{A}(x^{a})$ ,
$\bigwedge_{-1}N^{*}=\sum^{*}\mathrm{d}\mathrm{e}\mathrm{f}.)^{i}\mathrm{r}\mathrm{a}\mathrm{n}i=0\mathrm{k}N\langle-1\wedge^{i}N^{*}$
. , $N$ , $X^{a}\subset X$ $K^{A}(x^{a})$ ,
$N^{*}$ .
(2) $i^{*}i_{*}$ , $K$ $K^{A}(X^{a})_{a}$ .
(1) , deformation to normal bundle $X$ $X^{a}$ ,
Koszul complex . (2) , . -
$x\in X^{a}$ , $N$ $A$ $V$ . (V $x$
$X^{a}$ ) $X^{a}\cross V$ $X^{a}$ , $A$
, $N’$ . , $N$ $\bigwedge_{-1}N^{*}$ $N^{\prime*}$
$\bigwedge_{-1}N^{J*}$ , $\bigwedge_{-1}N^{\prime*}$ .
, (2) . . .
34. , $( \bigwedge_{-1}N^{*})^{-1}i*:K^{A}(X)arrow K^{A}(x^{a}.)$ , $i_{*}$ .
33. $K$ . $v_{1}\leq v_{2}\leq\cdots\leq v_{n}\leq w$ ( )
$F(v_{1}, \ldots, v_{n}\mathrm{j}w)$
$=$ { $0\subset E_{1}\subset E_{2}\subset\cdots\subseteq E_{n}\subset.\mathbb{C}^{w}|E_{i}$ , $\mathbb{C}^{w}$ $\dim E_{i}=vi$ }
. $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})$ , $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})/P$ . , $P=P(v_{1}, \ldots, v;n)W$
, $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})$ ,
$..A_{22}..\cdot.\cdots\cdot.\cdot.\cdot\ldots A_{2n}0A_{- m}\ldots]$
$A_{ij}$ ( , $v_{i}\cross v_{j}$
.
3.5. $F(v_{1,\ldots,n}v; W)$ $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})-$ $K$ .
$K^{\mathrm{c}\mathrm{L}_{w}\mathrm{t}\mathrm{c})}(F(v_{1}, \ldots, v_{n};w))\cong R(P)\cong \mathbb{Z}[X^{\pm}, \ldots, x_{w}]1\pm sv_{1}\mathrm{X}s_{v-}2v1^{\mathrm{X}}\ldots \mathrm{x}s_{w-v_{n}}$
. $S_{v_{1}}\cross S_{v_{2^{-V}}}1\cross\cdots\cross S_{w-v_{n}}$ , $x_{1},$ $\ldots,$ $x_{w}$ , $v_{1}$ ,
$v_{2}-v_{1}$ , . . . .
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, $n=1$ 2 .
$P_{1}$ : $F(v_{1},V_{2;)}warrow F(v_{1}; w)$ ; $(E_{1}\subset E_{2}\subset \mathbb{C}^{w})rightarrow(E_{1}\subset \mathbb{C}^{w})$
(3.6)
$P_{2}:F(v1,v2;w)arrow \mathcal{F}(v_{2};w)$ ; $(E_{1}\subset E_{2}\subset \mathbb{C}^{w})\vdash+(E2\subset \mathrm{c}^{w})$
.
35
$K^{\mathrm{G}\mathrm{L}_{w}()}\mathbb{C}(F(v_{1}, v2;w))\cong \mathbb{Z}[_{XX_{w}}1\pm, \ldots,\pm]s\iota v_{1}1\cap S1v2^{\mathrm{l}}$ ,
(3.7) $K^{\mathrm{G}\mathrm{L}_{w}}(\mathrm{c})(\tau(v_{1}; w))\cong \mathbb{Z}[x^{\pm}, \ldots, X_{w}]^{S}11\pm\iota v1$ ,
$K^{\mathrm{G}\iota_{w}()}\mathbb{C}(\tau(v2;w))\cong \mathbb{Z}[_{X_{1w}}\pm, \ldots,\pm]^{s}x1v2\mathrm{l}$
. , \S 2.1 $S_{I}$ .
38. (1)
$P_{1}^{*}:$ $K^{\mathrm{c}}\iota w(\mathbb{C})(\mathcal{F}(v_{1}; w))arrow K^{\mathrm{G}\mathrm{L}_{w}(\mathbb{C})}(F(v1, v2;w))$
, (3.7)
$\mathbb{Z}[x_{1}^{\pm..\pm},., xw]^{s}\iota v_{1^{\mathrm{l}}}arrow \mathbb{Z}[\dot{x}_{1}\ldots, x\pm,\pm w]^{S}\iota v11^{\cap s}1^{v_{2}}\mathrm{l}$
. .
(2) $P_{1}$
$P_{1*}:$ $K^{\mathrm{G}\mathrm{L}_{w}\mathrm{t}}\mathbb{C})(\mathcal{F}(v_{1,2}v; w))arrow K^{\mathrm{G}\mathrm{L}_{w}(\mathbb{C})}(\mathcal{F}(v_{1}; w))$
, (3.7)
$f rightarrow\sigma\in S_{\mathfrak{l}^{v_{1}1}}/S]v1^{\mathrm{l}}\cap\sum_{[v_{2}]}\sigma s$
. $(f \prod_{2v\in[+1,]}t\in[vv_{1}2,w]v(1-\frac{x_{v}}{x_{t}})^{-1})$
. $P_{2}$
$f \vdash\prec\sum_{1}\sigma\in s_{\mathrm{l}1}/v_{2}v\mathrm{l}\cap S_{\mathrm{l}}s1v_{21}\sigma\cdot(f$ $\prod_{1,v\in[v_{1+1}u\in[1,v1v2]},(1-\frac{x_{u}}{x_{v}})^{-1})$
.
$\sum\sigma$ , \S 2 $\mathfrak{S}$ .
, Borel-Weil , $K$
34. . $X_{1},$ $X_{2,3}X$ , $Pab:x1\cross X_{2}\cross X_{3}arrow x_{a^{\mathrm{X}X}b}$
. $((a, b)=(1,2),$ $(2,3),$ $(1,3))$ .
$Z_{12}$ (resp. $Z_{23}$ ) $x_{1^{\cross X}2}$ (resp. $X_{2^{\cross}}X_{3}$ ) closed subvariety , p13: $p_{12}^{-1}(Z_{1}2)\cap$
$p_{23}^{-1}(Z_{23})arrow X_{1}\mathrm{x}X_{3}$ proper . , $Z12 \mathrm{o}Z23=P13(p_{12}^{-1}(z_{12})\bigcap_{P_{23}^{-}}(1Z_{2}3))$
. $*:K(Z_{12})_{\mathrm{X}}K(Z_{23})arrow K(z12^{\mathrm{O}}z23)$
$K_{12^{*I}23}\mathrm{c}’=p_{13}\mathrm{d}\mathrm{e}\mathrm{f}*(p_{12}^{*}I\acute{\iota}_{12}\otimes_{X_{1\mathrm{X}}X\mathrm{X}X_{3}}^{L}p^{*}223I\zeta_{23})$ $\mathrm{A}_{12}’\in K(Z_{12}),$ $I\acute{\iota}23\in K(Z_{23})$ .
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. operation .
$X_{1},$ $X_{2},$ $X_{3}$ $G$ , $Z_{12},$ $Z_{23}$ $G$ ,
$*:K^{c}(Z_{12})\mathrm{x}KG(z23)arrow K^{G}(z_{12}\mathrm{o}z_{23})$
. , R(G)- .
, $G$ , ] $A$ .
, $a\in A$ $X_{1}^{a},$ $X_{2}^{a},$ $X_{3}^{a},$ $Z_{12}^{a},$ $Z_{23}^{a}$ ,
$*:K^{A}(Z_{1}^{a_{2}})_{\mathrm{X}}KA(Z_{2}^{a})3arrow K^{A}(Z_{12^{\mathrm{o}}}^{a}z_{23}a)$




$(1 \otimes(\wedge-1N*)2-1)i^{l}12^{\chi}(1\otimes(\bigwedge_{-}13)N’-1)i_{2}^{l}\downarrow 3\underline{\simeq}$ $\underline{\simeq}1(1\otimes(\bigwedge_{-}1\rangle^{-}1)i*N_{\dot{3}}1\theta$
$K^{A}(z_{12}^{a})a\cross KA(z^{a})_{a}23arrow*K^{A}(z_{12}^{a}\mathrm{o}Z_{2}a)_{a}3$
, i $K^{A}(Z_{i}j)\cong I\zeta_{A}^{0}(Mi\cross Mj;Z_{i}j)arrow I\zeta_{A(;}^{0}M^{a}i\mathrm{X}M_{ji}^{a}Z^{a}j)\cong K^{A}(Z_{ij}^{a})$
, $N_{i}$ $M_{i}$ $\subset M_{i}$ .
, $1 \otimes(\bigwedge_{-1}N_{i}^{*})-1$
.
$K$ ( , ,








$X$ $M$ , K- Borel-Moore
Chern :
$K(X)\cong K0(M,x)\mathrm{C}arrow H^{*}\mathrm{h}(M, M\backslash X,\mathbb{C})\cong H*(X, \mathbb{C})$ .
( )Riemann-Roch , .
3.10. .
$K(Z_{12})\cross K(Z_{23})$ $arrow^{*}$ $K(Z_{12}\circ z_{23})$
$\mathrm{t}1\otimes \mathrm{t}\mathrm{d}M_{2}).\mathrm{c}\mathrm{h}\cross(1\emptyset \mathrm{t}\mathrm{d}M3)\mathrm{C}\mathrm{h}\downarrow$
’.
. .$\cdot$ $1^{\mathrm{t}^{1\otimes}}\iota \mathrm{d}_{M}$ )$3\mathbb{C}\mathrm{h}$
. .
$H_{*}(z_{12}, \mathbb{C})\cross H_{*}(z.23, \mathrm{c})arrow^{*}H_{*}(Z_{12}\mathrm{o}Z_{2}3, \mathbb{C})$
, $\mathrm{t}\mathrm{d}_{M}.\cdot$ $M_{i}$ Todd .
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4. \S 2 $K$
$\mathbb{C}^{*}$ $R(\mathbb{C}^{*})$ $\mathbb{Z}[q, q^{-1}]$ . $q$ $\mathbb{C}^{*}$ $\mathbb{C}^{*}$ –
. , $q$ .
$\mathbb{C}^{w}$
$v$ Grassmann $F(v;w)$ $T^{*}F(_{\backslash }v;w)$ .
$F(v, w)$ $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})$ $T^{*}F(v;w)$ . , $T^{*}F(v;w)arrow$
$\mathcal{F}(v;w)$ $\mathbb{C}^{*}$ .
, $t\in \mathbb{C}^{*}$ $t^{2}$ . $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})$ $\mathbb{C}^{*}$ , $T^{*}F(v;w)$
$\mathbb{C}^{*}\cross \mathrm{G}\mathrm{L}_{w}(\mathbb{C})$ .
\S 3.3 $\mathcal{F}(v_{1}, v_{2}\cdot w))$ . $\mathfrak{P}(v,w)$ $F(v-1, v;w)$ $F(v-1;w)\mathrm{x}F(v;w)$
conormal bundle . , $F(v-1;w)\cross F(v;w)$ $T^{*}F(v-1;w)\cross\tau*\tau(v;w)$
, .
$\bullet$ $X_{1}=T^{*}F(v-1;w),$ $x_{2}=T^{*}r(v;w)$ , X3=-
$\bullet$ $Z_{12}=\mathfrak{P}(v, w),$ $Z_{23}=\tau(v;w)$ ( $F(v;w)$ $T^{*}F(v;w)$ 0- )
. : $p_{13}:_{P^{-}}121(Z12) \bigcap_{P2}-1(3Z_{2}3)arrow X_{1}\cross X_{3}$ proper ,
$Z_{12}\circ z_{2}3=p_{13}(p_{12}^{-1}(Z_{12})\cap p_{23}^{-1}(z23))=F(v-1;w)$
.
(4.1) $*:K^{\mathrm{G}\mathrm{L}_{w}}\mathrm{t}\mathbb{C})\mathrm{X}\mathbb{C}^{5}(\mathfrak{P}(v, w))\cross K^{\mathrm{G}\mathrm{L}}w(\mathbb{C}\rangle \mathrm{x}\mathbb{C}^{\wedge}(r(v;w))arrow K^{\mathrm{c}\mathrm{L}_{w}(}\mathbb{C})\mathrm{x}\mathbb{C}\cdot(\mathcal{F}(v-1;w))$
.
, ,
(4.2) $*:K^{\mathrm{G}\mathrm{L}_{w}()\cross}\mathbb{C}\mathbb{C}^{*}(\mathfrak{P}(v, w))\cross K\mathrm{G}\iota_{w}(\mathbb{C})\mathrm{X}\mathbb{C}^{\mathrm{r}}(\mathcal{F}(v-1;w))arrow K^{\mathrm{G}\mathrm{L}_{w}(\mathbb{C})\cross \mathbb{C}}*(F(v;w))$
.
$\mathbb{C}^{*}$ $\mathcal{F}(v;w)^{\text{ } }$ $K^{\mathrm{G}\mathrm{L}_{w}()\cross \mathbb{C}^{*}}\mathbb{C}(F(v;w))\cong K^{\mathrm{G}\mathrm{L}_{w}\langle \mathbb{C})}(F(V;w))\otimes$
$R(\mathbb{C}^{*})$ , $R(\mathbb{C}^{*})\cong \mathbb{Z}[q, q^{-1}]$ 35
(4.3) $K^{\mathbb{C}^{*}\cross \mathrm{G}\mathrm{L}_{w}}(\mathrm{c})(\mathcal{F}(v;w))\cong \mathrm{R}\mathbb{Z}s[v]$
.
, Thom $K^{\mathbb{C}^{*}\cross \mathrm{G}\mathrm{L}}w\langle \mathbb{C}$) $(\mathfrak{P}(V, w))\cong K^{\mathbb{C}}\mathrm{r}_{\mathrm{X}\mathrm{G}\mathrm{L}w\mathrm{t}^{\mathbb{C}})}(F(v-1, v;w))$ , $\mathbb{C}^{*}$ $\mathcal{F}(v-1, v;w)$
, 35
(4.4) $K^{\mathrm{c}^{\mathrm{s}}\cross \mathrm{G}}\mathrm{L}w(\mathbb{C})(\mathfrak{P}(.v, w))\cong \mathrm{R}_{\mathbb{Z}}^{s_{1v1}}[\cap sv-1]$
.
45. $(4.3),(4.4)$ , (4.1)





, $K(z)$ $\mathrm{R}_{\mathbb{Z}}^{s_{\iota 1}}varrow \mathrm{R}_{\mathbb{Z}}^{s_{1^{v}-}}1\mathrm{l}$ , \S 2.1 $x^{+}(z)$ – .
45 . $X_{3}$ – ,
$p_{1}$ : $T^{*}F(v-1;w)\cross T^{*}F(v;w)arrow T^{*}F(v-1;w)$






. 3.1 , . $Y=Y_{1}$ $Y_{2}$ , $F(v-1, v;w)$
. $(F(v-1, v;w)$ , $F(v-1;w)\cross F(v;w)$ $X$ )
, $N$ : $F(v-1, v;w)arrow F(v-1;w)$ $TP_{1}$ .




$K^{\mathbb{C}\cross \mathrm{G}\mathrm{L}_{w}}\langle \mathbb{C}$) $(F(v-1, v;w))\cong \mathrm{R}\mathbb{Z}^{ll}s\cap sv\mathrm{f}v-1\text{ }$ , $TP_{1}$ $\sum_{t=v+}^{w}1x_{t}/x_{v}$ .
, 31 ( ) , Thom $K^{\mathbb{C}}w\mathrm{r}_{\cross \mathrm{G}\mathrm{L}(\mathbb{C}}$ ) $(\mathfrak{P}(v, w))\cong K^{\mathbb{C}\mathrm{G}\mathrm{L}(\mathbb{C})}\cross w(\tau(v-$
$1,$ $v;w))$ $K^{\mathbb{C}\cross \mathrm{c}}\mathrm{L}_{w}(\mathbb{C})(\tau(V-1, v;w))$ , Koszul complex .
, Koszul complex , $\mathbb{C}^{*}$ – $q^{-2}$





$\mathrm{R}_{\mathbb{Z}}^{S_{\iota v1}\cap}s[v-1]\cross \mathrm{R}_{\mathbb{Z}^{\iota}}^{S}v-11\ni(K’,g)\mapsto \mathfrak{S}_{[v-1}^{[v}\mathrm{J}](K’g\prod_{=u1}(1-\frac{x_{u}}{x_{v}})^{-1}v(1-q^{-2_{\frac{x_{v}}{x_{u}}}}))\in \mathrm{R}_{\mathbb{Z}}^{S}\mathrm{l}v\}$
. 46
$K’(w)=S \sum_{=-\infty}^{\infty}(\frac{x_{v}}{w})^{S}\prod_{=u1}v(-\frac{qx_{u}}{x_{v}})$
, $K’(w)$ $x^{-}(w)$ – .
, .
$\bullet M=\lfloor\rfloor_{v}\tau*F(v;w)=\mathrm{u}v\{(_{\backslash }V, n)\in\tau(v;w)\mathrm{x}\mathrm{g}\iota(w\mathrm{c})|{\rm Im}(n)\subset V, n(V)=0\}$
$\bullet x=\{n\in \mathrm{g}\mathfrak{l}(w\mathbb{C})|n^{2}=0\}$ .
$\bullet$ $\pi:Marrow X$
$\bullet$ $Z=M\cross xM=\{(m_{1}, m_{2})\in M\cross M|\pi(m_{1})=\pi(m_{2})\}$
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. $Z$ $M\cross M$ , \S 3.4 . $Z\mathrm{o}Z=Z$
,
$*:K^{\mathbb{C}^{*}\mathrm{X}\mathrm{G}}\mathrm{L}w(\mathbb{C})(Z)\otimes I\dot{\zeta}^{\mathbb{C}^{*}\cross \mathrm{G}\mathrm{L}_{w}}(\mathrm{c})(Z)arrow K^{\mathbb{C}^{\mathrm{s}}\cross \mathrm{G}\mathrm{L}}w(\mathbb{C})(Z)$
, $K^{\mathbb{C}\cross}w(\mathbb{C})(Z)*\mathrm{c}\mathrm{L}$ $R(\mathbb{C}^{*}\cross \mathrm{G}\mathrm{L}_{\mathrm{w}}(\mathbb{C}))$- . , $z_{\mathrm{o}T^{-1}}(0)=\pi^{-}1(0)$
,
$*:K^{\mathbb{C}\cross}.\mathrm{G}\mathrm{L}w(\mathbb{C})(z)\otimes K^{\mathbb{C}\mathrm{X}\mathrm{c}}.\mathrm{L}_{w}(\mathbb{C})(T^{-1}(0))arrow K^{\mathbb{C}\cross \mathrm{G}\mathrm{L}}.w(\mathbb{C})(\pi^{-}1(\mathrm{o}))$
, $K^{\mathbb{C}\cross \mathrm{G}}\mathrm{L}_{w}\mathrm{t}\mathbb{C}$ ) $(\pi^{-}(10))$ C’xGLwww(C)(Z)- .
$\bullet$ $\mathrm{U}_{q}^{\mathbb{Z}}(\mathrm{L}\mathrm{g})arrow K^{\mathbb{C}^{\mathrm{r}}\cross \mathrm{G}}\mathrm{L}w\mathrm{t}\mathbb{C})(Z)$ ,
$\bullet$
$\mathrm{K}^{\mathbb{C}^{\mathrm{r}}\mathrm{x}\mathrm{G}\mathrm{L}_{\mathrm{w}}(}\mathrm{C}\rangle$
$(\mathrm{Z})$- $K^{\mathbb{C}\cross \mathrm{c}}\mathrm{L}_{w}(\mathbb{C})(\pi-1(\mathrm{o}))$ , $\mathrm{U}_{q}^{\mathbb{Z}}$ (Lg)- ,
\S 2.2 $\mathrm{U}_{q}^{\mathbb{Z}}$ (Lg)- $M_{\mathbb{Z}}$ .
, $\mathrm{U}_{q}(\mathrm{L}\mathrm{g})arrow K^{\mathrm{G}\iota_{w}()}\mathbb{C}\mathrm{x}\mathbb{C}^{\mathrm{B}}(Z)\otimes \mathbb{Z}[q,q-1]\mathbb{Q}(q)$
, $\mathrm{U}_{q}^{\mathbb{Z}}(\mathrm{L}\mathrm{g})$ $K^{\mathrm{G}\mathrm{L}_{w}()}\mathbb{C}\mathrm{x}\mathbb{C}(Z)$ . \S 3.3
.
5.
$\pi:Marrow X,$ $Z=M\cross xM$ .
\S 2.2 , $\chi:\mathrm{R}_{\mathbb{Z}}^{S_{w}}arrow \mathbb{C}$ , .
, $R_{\mathbb{Z}}^{S_{w}}$ $\mathrm{G}\mathrm{L}_{w}(\mathrm{c})\cross \mathrm{c}*$ $R(\mathrm{G}\mathrm{L}_{w}(\mathrm{c})\mathrm{X}\mathbb{C}^{*})$ –
. , $\chi$ , $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})\cross \mathbb{C}^{*}$ $a=(s,\epsilon)$ –
$\ovalbox{\tt\small REJECT}$ . , $\chi$ $a$ .
: $A$ $a^{\mathbb{Z}}$ Zariski . $A$ , . , $A$ $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})\cross \mathbb{C}^{*}$
. $\mathrm{G}\mathrm{L}_{w}(\mathbb{C})\cross \mathbb{C}^{*}$ $A$ R(A)-
$K^{\mathrm{G}\mathrm{L}_{w}(\mathbb{C})\cross \mathbb{C}^{*}}(Z)arrow K^{A}(Z)$
.
$\chi$ $R(A)$ $\mathbb{C}$ , 39 , R(A)-
$(1 \otimes\bigwedge_{-1}N*)^{-1*}i:$ $K^{A}(Z)_{a}arrow K^{A}(Z^{a})_{a}$
. , $i:M^{a}\mathrm{x}M$ $arrow M\cross M$ , $N$ , $M^{a}\subset M$ .
$Z^{a}$ $A$ $K^{A}(z^{\text{ }})\cong \text{ }(Za)\otimes R(A)$ .
$\mathrm{e}\mathrm{v}_{a}$ : $K^{A}(Z^{a})_{a}\cong \text{ }(za)\otimes R(A)_{a}arrow K(Z^{a})\otimes \mathbb{C}$
$F\otimes(f/g)$ $F\otimes\chi.(f.)/\chi(g)$ . ,
.
3.10
$(1\otimes \mathrm{t}\mathrm{d}_{M^{a}})\mathrm{C}\mathrm{h}:K(Za)\otimes \mathbb{C}arrow H_{*}(Z^{a}, \mathbb{C})$
. $\mathrm{c}\mathrm{h}$ Za\subset Ma $\cross$ M .
$\mathrm{U}_{q}^{\mathbb{Z}}(\mathrm{L}\mathrm{g})arrow K^{G\mathrm{L}_{w}\langle)\cross \mathbb{C}}\mathbb{C}*(z)$ ,
(5.1) U,(Lg) $=\mathrm{U}_{q}^{\mathbb{Z}}(\mathrm{L}_{9)}\otimes \mathbb{Z}[q,q-1]\mathrm{c}arrow H_{*}(Z^{a}, \mathrm{c})$
. $\mathbb{Z}[q, q^{-1}]arrow \mathbb{C}$ $q$ $\epsilon$ .
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– $a$ , $H_{*}(Z^{a}, \mathbb{C})$ ([13, 8 ] ),
.
5.2. $a=(s,\epsilon)$ .




. $s$ $\lambda$ $V(\lambda)$ , $n$ $\dot{V}(\lambda)$ $V(\epsilon^{2}\lambda)$ .
$n$ $0$ .
, . $Z^{a}=M^{a}\mathrm{X}xaM^{a}$ , $Z^{a}=M^{a}\cross M^{a}$
. $M^{a}$ . . .
$H_{*}(Z^{a}, \mathbb{C})=H_{*}(M^{a}\cross M^{a}, \mathbb{C})\cong H_{*}(M^{a}, \mathbb{C})\otimes H_{*}(M^{a}, \mathbb{C})$
, $H_{*}(Z^{a}, \mathbb{C})^{\text{ }}.\text{ }$ , Poincare
$H_{*}(M^{a}, \mathbb{C})\cong H^{*}(Ma, \mathbb{C})$
’
End $(H_{*}(M^{a},\mathbb{C}))$
$,\text{ }$ . . ...
, $H_{*}(Z^{a}, \mathbb{C})$- , – $H_{*}(M^{a}, \mathbb{C})$ , , $Z^{a}\mathrm{o}M^{a}=M^{a}$
. .. .
(5.1) $H_{*}(M^{a}, \mathbb{C})$ $\mathrm{U},(\mathrm{L}\mathrm{g})$- , .
54. (53) , U,(Lg)- $H_{*}(M^{a}, \mathbb{C})$ .
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